Conclusions-In relatively healthy MHD patients, DPA and PP are substantially impaired and correlated with each other, even in patients without evidence for anxiety or depression. Anxiety and depression are common in MHD patients and are associated with further impairment in DPA and PP.
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Maintenance hemodialysis (MHD) patients are reported to have reduced daily physical activity (DPA) and physical performance (PP) (1, 2) . This is a source of concern because low DPA and decreased PP are each associated with worse outcomes in MHD patients (3) (4) (5) . The factors that are associated or predispose to low DPA and PP are not well understood. Studies generally evaluated cohorts of MHD patients that included individuals who could have debilitating comorbid conditions, and the extent to which kidney failure or dialysis treatment per se cause reduced DPA and PP is unclear. We examined factors that might cause reduced DPA and PP in MHD patients. Specifically, we investigated whether DPA and PP are reduced in MHD patients who are relatively healthy and largely free of debilitating comorbid conditions. In addition, since DPA may be affected by physical capacity, we examined whether there is an association between DPA and PP, at least in these relatively healthy MHD patients. Finally, since anxiety and depression occur commonly in MHD patients and are frequently associated with altered DPA or physical function in the general population, particularly in elderly people, we evaluated whether these two affective disorders are also associated with DPA and PP in our MHD patients.
Methods
Daily physical activity (DPA) and three measures of PP, the 6-minute walk distance (6-MWD), sit-to-stand and stair-climbing tests, were measured in 72 relatively healthy MHD patients (40% diabetics) with limited comorbidities and 39 normal adults of similar age and gender mix. DPA was assessed for 10 days with a physical activity monitor (Actigraph GT3X+ Activity Monitor®) and is reported as vector magnitude units. Vector magnitude (VM) is calculated as the square root of the sum of the squares of the movement readings from each of the three dimensional axes of movement as determined by the Actigraph Activity Monitor® (9) . Sleep or marked physical inactivity was classified as a VM of 0-500; light physical activity was classified as a VM of 501-2689, and moderate or greater physical activity as a VM ≥2690. To allow time for adjustment to the activity monitor, the first three days of the measured DPA were deleted from analysis. The Human Activity Profile was also administered to the patients and normal subjects. Anxiety and depression were assessed by the Beck Anxiety Inventory (BAI), Beck Depression Inventory (BDI) and Hospital Anxiety and Depression Scale (6) (7) (8) . More details concerning the methods employed are described elsewhere (9, 10) . was 24.5±2.6 mEq/L; serum phosphorus was 5.3±1.4 mg/dL, and the Charlson Comorbidity Index was 5.7±2.7. 29 MHD patients (18 M/11 F) and no normal control had diabetes mellitus.
Daily physical activity (DPA), measured with the activity monitor, time-averaged over seven consecutive days, and all three physical performance (PP) tests were impaired in MHD patients, to about 60-70% of normal values (p<0.0001 for each measurement) ( Table 2) . DPA on the day of hemodialysis, day after dialysis, and day two after dialysis were each significantly lower as compared to the normal adults. These abnormalities were observed separately in both male and female MHD patients ( Table 2 ) and in both diabetic and nondiabetic MHD patients as compared to normal adults. In comparison to the hemodialysis day, DPA was significantly greater 1-day-post-hemodialysis and borderline significantly greater 2-days-post hemodialysis ( Table 2 ). This decreased DPA on the hemodialysis day may reflect, at least in part, the inactivity of patients on the hemodialysis day due to their need to lie or sit quietly in a reclining chair for over four hours in association with their hemodialysis procedure, in addition to their waiting time to start hemodialysis and to their commute to and from the hemodialysis center. There was no significant difference in the DPA between 1-day-and 2-days-post-hemodialysis.
DPA was not different in male vs. female MHD patients or normal men vs. women (Table  2 ). However, 6-MWD was significantly greater and stair-climbing times were significantly longer in male vs. female MHD patients, and sit-to-stand cycles were significantly greater in normal men vs. normal women ( Table 2) . Human activity profile scores were also impaired in MHD patients as compared to the normal adults (p<0.0001). MHD patients spent more time sleeping or in marked physical inactivity (p<0.0001) and less time in ≥moderate activity (p<0.0001). After adjustment for age, gender and diabetes, DPA correlated with 6-MWD but not the two other PP tests. Human activity profile scores correlated more closely with all three performance tests than did DPA.
Anxiety and depression, determined by the Beck Anxiety Inventory (BAI) and the Beck Depression Inventory (BDI), were present in 43% and 33% of MHD patients and in 2.5% and 5.1% of normals (MHD patients vs. normals: BAI, p<0.0001; BDI, p= 0.0003). MHD patients with both anxiety and depression generally had the most impaired DPA and PP (Tables 3 and 4 ). Higher BAI and BDI scores were each associated with impaired PP. In MHD patients, higher anxiety scores, adjusted for age, gender and diabetes, but not depression scores, were correlated with impaired 6-MWD and STS. In analyses adjusted for age, gender and diabetes, the 7-day average DPA in MHD patients was negatively correlated with the BDI scores (r = −0.33, p=0.006) but not with the BAI scores. In these adjusted analyses, DPA also correlated negatively with the degree of depression by BDI, but not BAI, on the day of hemodialysis (p=0.01), day after dialysis (p=0.03), and day two after dialysis (p=0.03). MHD patients displayed negative correlations between BAI and both 6-MWD (p=0.028) and sit-to-stand tests (p=0.035), but there were no significant correlations between BDI scores and PP tests. However, MHD patients without anxiety or depression also had substantially decreased DPA and PP as compared to normals (Tables 3 and 4 ). Indeed, most of the reduction in DPA and PP in MHD patients was also observed in those patients who did not have either anxiety or depression; the DPA and PP test scores of MHD patients with or without anxiety and/or depression were much closer to each other than the DPA or PP scores of any of these groups were to the normal adults.
Discussion
The results of these studies indicate that even in relatively healthy MHD patients, daily physical activity (DPA) and physical performance (PP) are substantially impaired and tend to correlate with each other. These disorders are clinically relevant because they are associated with increased morbidity, lower survival rates and probably impaired quality of life in MHD patients (3) (4) (5) . It is not known what maneuvers might increase DPA or PP in these patients. Whether physical training will improve DPA, PP or clinical outcomes in MHD patients needs to be examined. Moreover, it has not been demonstrated that improving DPA or PP will improve clinical outcomes, and we believe that this is also a question that requires further research.
Our findings indicate that depression and anxiety are common in MHD patients. This has been reported previously (11, 12) , and it is noteworthy that even in our relatively healthy MHD patients the prevalence of these disorders is at least as high as is described in previous publications (11, 12) . It is to be emphasized that even in our relatively healthy patients who did not show evidence for anxiety or depression, both DPA and PP were substantially reduced as compared to our normal adults. Nonetheless, our results also indicate that depression in particular is correlated with further reductions in DPA and that anxiety in particular is correlated with a further decrease in PP tests. Anxiety and particularly depression have been associated with reduced physical activity in other population groups (13) (14) (15) . These observations raise the question as to whether, in at least some MHD patients, treatment of anxiety or depression will improve DPA or PP.
Depression and possibly anxiety are associated with low quality of life and increased morbidity and mortality in MHD patients (16, 17) , as well as in people without kidney failure (18, 19) . It has been suggested that the mechanisms underlying the relationship between anxiety and depression and mortality in MHD patients include poor adherence to the prescribed dialysis treatment, hyperparathyroidism, malnutrition and chronic inflammation (20, 21) . These same factors may account for the reduced DPA and PP in anxious or depressed MHD patients. There are complex neurobiochemical and immunological changes and altered physical fitness associated with anxiety and depression that might also account for reduced DPA and PP in MHD patients (22) (23) (24) (25) (26) (27) . Thus it is possible, but not proven, that treatment of anxiety and depression might improve DP and PP. It should be emphasized, however, that even in our MHD patients who had neither anxiety nor depression, there were major reductions in DPA and PP in comparison to the normal adults. A limitation of the subgroup analyses in this study was the relatively small sample size of the patients.
Can increased physical activity or regular exercise reduce anxiety or depression? In people without kidney failure, exercise often appears to be an effective treatment for anxiety and possibly depression (22, 24, (28) (29) (30) (31) (32) . Since anxiety and depression are common in MHD patients and are associated with reduced quality of life and increased morbidity and 
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Author Manuscript mortality (16) (17) (18) (19) , these considerations provide a strong rationale for clinical trials to assess whether physical exercise will reduce anxiety or depression in MHD patients.
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